The human leucine-rich repeat-containing G-protein coupled receptor (LGR) 5 and CD44 are one of the candidates for the marker of gastric cancer stem cells. We compared the expressions of two genes among control, dysplasia and cancer groups. Methods: We compared the mRNA expression of LGR5, CD44 and CD44v8-10 and immunohistochemistry (IHC) of LGR5 and CD44 in gastric antral mucosa of 45 controls, 36 patients with gastric dysplasia, and 39 patients with early gastric cancer. Additionally, IHC of LGR5 in gastric body mucosa was analyzed. Normal mucosa adjacent to dysplastic or cancer lesions was used for the quantitative real-time-PCR and IHC. Results: Immunoreactivity of LGR5 in base of antral mucosa was higher in non-cancerous tissues of cancer than those of control (P = 0.006), whereas the expression of LGR5 mRNA was not different among the three groups. Immunostaining of LGR5 was much stronger in the antrum than in the body of stomach (P ＜ 0.001). Although there was no difference in antral immunointensity of LGR5 according to the severity of intestinal metaplasia, stronger immunostaining was found in the body with an aggravation of intestinal metaplasia (P trend ＜ 0.001). The expression of CD44v8-10 mRNA was higher in cancer patients than control subjects and patients with dysplasia (P = 0.018 and 0.009) while the expression of CD44 mRNA was higher in the control groups than the others. Conclusions: IHC of LGR5 in crypt base and CD44 may be used for gastric CSC markers. LGR5 expression may be associated with the developing of corporal intestinal metaplasia. The expression of CD44v8-10 mRNA would be more suitable for gastric cancer stem cell marker than CD44 or LGR5 mRNA. 
INTRODUCTION
Gastric cancer remains the fourth most common cancer and the second leading cause of cancer-related mortality in the world. The treatment of gastric cancer remains a challenging problem because some patients with advanced gastric cancer who underwent a curative resection develop regional or distant recurrences. The overall 5-year survival rate for gastric cancer patients remains around 20% in the Western countries. 1 The cancer stem cell (CSC) hypothesis that CSC may initiate carcinogenesis has emerged. Some data suggest that CSCs are present in many solid tumors and cancer cells are derived from a CSC compartment which undergoes an abnormal replicative process to form a non-stem cell component of the tumor. 2 There has been growing evidence that Helicobacter pylori may promote emergence of CSCs in gastric cancer. 3, 4 The purification and characterization of CSCs could facilitate the identification of optimal targets for the better clinical outcomes, but discovery of GTG TGT TG  149  h_LGR5_reverse  GAG GTC TAG GTA GGA GGT  GAA G  h_CD44s_forward TGC CGC TTT GCA GGT GTA T  66  h_CD44s_reverse  GGC CTC CGT CCG AGA GA  h_CD44v8-10_  forward   AGA ATC CCT GCT ACC AAT ATG  GAC TC   334   h_CD44v8-10_  reverse   AGG TCA CTG GGA TGA AGG TC   h_GAPDH_forward TGT GGG CAT CAA TGG ATT  TGG   115 h_GAPDH_reverse ACA CCA TGT ATT CCG GGT CAA T the marker for CSCs is the most important step. Unfortunately, CSCs of gastric cancer have not yet been defined and characterized. Various CSC markers for gastric cancer such as CD44, ALDH1, LGR5, and CD166 were reported. 5 Although CD44 has been used most frequently as a marker for CSCs in gastric cancer, previous studies have suggested that CD44v8-10, variant form of CD44 was a specific maker for gastric CSCs, but not CD44s. 6, 7 Leucine-rich repeat-containing G-protein coupled receptor 5 (LGR5) is an adult stem cell marker expressed in the small intestine, colon, stomach, and hair follicles. 8 Currently, in vivo lineage tracing revealed that LGR5-postive cells at the base of the pyloric glands were multipotent stem cells that contributed to daily epithelial renewal. 9 The technique of sorting cells based on cell surface marker expression and assessing their ability to initiate tumor growth in immunocompromised mice was a common method to investigate any possible existence of solid-organ CSCs. However, the clinical implication of measuring the expression of CD44 and LGR5 in human tissue has not been evaluated. Based on the above findings, we examined the potential application of evaluation of CD44 and LGR5 expression on human gastric mucosa in the normal-dysplasia-carcinoma sequence.
MATERIALS AND METHODS

Study subjects
Study subjects were consecutively enrolled at Seoul National University Bundang Hospital from February 2006 to December 2013. Subjects with a current H. pylori infection were participated. We divided subjects into 3 groups according to the pathologic findings, control, dysplasia, and early gastric cancer (cancer). Controls were defined as subjects with no evidence of malignant lesions or peptic ulcer by upper gastrointestinal (GI) endoscopy. Subjects with dysplasia or cancer group underwent endoscopic submucosal dissection or mucosal resection for treatment. Advanced gastric cancer was excluded since the aim was to assess early stages of carcinogenesis. All subjects completed a questionnaire with questions regarding demographic information and socioeconomic habits.
The study protocol was approved by the Ethics Committee at Seoul National University Bundang Hospital (IRB number B1301/186-111). Written informed consent was obtained from all subjects.
H. pylori test and eradication
During upper GI endoscopy, specimens for H. pylori infection status were obtained from both the antrum and body in the stomach. Initial H. pylori infection status was determined based on modified Giemsa staining, culture, and rapid urease test (CLO test; Delta West, Bentley, Australia). 10 If one of these tests was positive, the subjects were regarded to be currently infected by H. pylori. The degree of intestinal metaplasia (IM) was recorded using the updated Sydney scoring system (0 = none, 1 = slight, 2 = moderate, and 3 = marked).
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The Table 1 . Expression levels of mRNA of the target gene were compared with the endogenous control -actin using the 2 −∆∆Ct method. 6 
Immunohistochemistry
Immunohistochemistry (IHC) of CD44 and LGR5 was also performed. Basically, paraffin-embedded mucosal tissue distant from tumor sites was analyzed. For the evaluation of dysplasia and cancer, the normal mucosa of stomach part where the dysplasia or cancer was located (i.e., antrum or body) was used. Core tissue biopsies (2 mm in diameter) were obtained from paraffin-embedded gastric mucosa. Cores were arranged in recipient paraffin blocks (tissue array blocks) using a trephine. The test procedure used a human control slide for IHC analysis (Superbiochips Laboratories, Seoul, Korea). Antibodies against CD44 (H-CAM) (1:200 dilution; Leica Biosystems, Breckland, UK) and LGR5 (ab75732) (1:30 dilution; Abcam, Cambridge, UK) were used. Staining of sections (4 m thick) from tissue array blocks was performed using the BenchMark XT staining system and the ultraVIEW universal DAB detection kit (Ventana Medical Systems Inc., Tucson, AZ, USA). Aberrant expression of CD44 is observed in the membrane and cytoplasm of cancer cells. 12 LGR5 was strongly expressed in the membrane of non-neoplastic glands. Immunointensity of LGR5 was evaluated separately at surface mucosa and base of crypt. Scoring for the expression of CD44 and LGR5 was determined using light microscopy, by multiplying the intensity times the area (%) where staining was observed in epithelial glands; the possible scores ranged from 0 to 300. 3 Area was defined as a 'stained cells in a gland/total cells in a gland'. More than 5 glands were evaluated. The intensity of staining was scored as 0, no staining; 1＋ faint/barely perceptible partial staining; 2＋, weak to moderate staining; 3＋, strong staining. 13 Tests were repeated three times and mean values were described. Each sample was scored by a blind reviewer. 
Statistical analysis
RESULTS
Demographic characteristics
A total of 237 patients in whom H. pylori had been eradicated and who had been followed for more than 6 months were enrolled. The mean follow-up duration was 46.7 months (range, 6.0-112.4 months). Among them, 45 controls, 36 subjects with gastric dysplasia, and 39 subjects with early gastric cancer were randomly selected and analyzed due to limited fund. Antral mucosal tissue distant from tumor sites was analyzed from 30, 21, and 25 subjects in the control, dysplasia, and cancer groups, respectively for the evaluation of mRNA and IHC. For the additional evaluation of LGR5 IHC in body, body mucosae were used from 15 control and 15 dysplasia, and 14 cancer subjects with a lesion in gastric body. Demographic characteristics were listed in Table 2 .
Association between human leucine-rich repeatcontaining G-protein coupled receptor 5 expression and gastric carcinogenesis
The IHC scores of LGR5 were compared among control, dysplasia and cancer. While the IHC scores of surface of gastric mucosa did not show any differences (Fig. 1A) , IHC scores of base of gastric mucosa from non-cancer tissues in cancer subjects were markedly upregulated than those in controls (27.20 ± 4.50 vs. 70.30 ± 9.70, P ＜ 0.001) (Fig. 1B) . However, there were no significant differences in LGR5 mRNA expression among the three groups (Fig. 1C) . The IHC intensity of LGR5 was increased from control to cancer (control, 27.20 ± 4.50; dysplasia, 36.40 ± 8.60; and cancer, 70.30 ± 9.70; P for trends ＜ 0.001) (Fig. 1D-1F ). Fig. 2A and 2C ). However, non-cancerous mucosa of H.
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pylori-positive subjects with dysplasia did not show significant changes of LGR5 IHC (Fig. 2B ). In terms with the LGR5 mRNA expression, only marginal reduction in LGR5 mRNA expression in cancer group (Fig. 2F) , while others did not show significant reduction ( Fig. 2D and 2E ).
Association between CD44 expression and gastric carcinogenesis
As a conventional marker for the gastric CSC, IHC staining of CD44 was analyzed. The cancer group showed higher IHC score of CD44 compared with the control group (99.41 ± 16.10 vs. 14.30 ± 4.18, P ＜ 0.001) (Fig. 3A) .
When CD44s mRNA was evaluated, cancer or dysplasia groups showed lower expression of CD44s mRNA than control (0.48 ± 0.14 and 0.24 ± 0.04 vs. 1.55 ± 0.19, all P ＜ 0.001) (Fig. 3B) . The expression of CD44v8-10 mRNA was higher in cancer group than control or dysplasia group (P = 0.009 and P ＜ 0.001) (Fig. 3C) .
The CD44 IHC and mRNA expressions of CD44s and CD44v8-10 were compared before and after H. pylori eradication.
For CD44 IHC, the cancer group showed a marked reduction in expression after eradication and resection, while the differences in the dysplasia and control groups did not reach statistical significance (control: 22.10 ± 8.70 to 20.31 ± 8.10, P = 0.304; dysplasia: 60.70 ± 10.51 to 49.79 ± 9.23, P = 0.081; cancer: 98.39 ± 12.37 to 45.68 ± 7.72, P = 0.013) (Fig. 3D) . There was no significant change of mRNA expression of CD44s or CD44v8-10 (Data not shown).
Expression of human leucine-rich repeat-containing G-protein coupled receptor 5 immunohistochemistry according to the location of gastric mucosa and intestinal metaplasia
IHC score of LGR5 in the body was significantly lower than in the antrum (29.45 ± 4.40 vs. 56.21± 4.21, P ＜ 0.001) (Fig. 4A) .
While anturm did not show any significant difference in LGR5 IHC score according to severity of IM (P = 0.637) (Fig. 4B ), body mucosa with IM showed higher IHC score than that without IM (53.98 ± 7.29 vs. 7.11 ± 2.17, P ＜ 0.001).
LGR5 IHC score of gastric body showed an increasing trend according to the severity of IM (mild IM: 43.13 ± 8.33; moderate/severe IM: 57.60 ± 9.29, P for trends ＜ 0.001) (Fig. 4C-4E ).
Association between expression of human leucinerich repeat-containing G-protein coupled receptor 5 and CD44
To investigate the relationship between LGR5 and CD44, the IHC scores were compared using Spearman's rho test. The IHC score of LGR5 significantly correlated with the IHC score of CD44 (surface of mucosa: Spearman's rho = 0.354, P ＜ 0.001). However, there was no significant correlation between CD44 IHC and mRNA expression of CD44s and CD44v8-10. Moreover, LGR5 IHC scores did not correlate with the expression of LGR5 mRNA.
DISCUSSION
Immunoreactivity of CD44 and LGR5 at mucosal base progressively increased from normal to dysplasia to cancer. Following H. pylori eradication, there was a reduction in immunointensity of mucosal base LGR5 and CD44 in cancer patients. In the case of the cancer and control group with H. pylori-eradication after endoscopic resection of cancer, a marginal reduction in LGR5 IHC mRNA was detected. While expression of CD44s mRNA was higher in control subjects than patients with dysplasia or cancer, that of CD44v8-10 mRNA was the highest in the cancer patients. Although IHC staining of CD44 correlated well with the expression of LGR5 immunoreactivity of mucosal base, there was no correlation between mRNA and IHC expression regarding either CD44 or LGR5. IHC score of LGR5 was progressively increased when the IM of body became severer.
American Association of Cancer Research Workshop made a definition of CSC as "cells within a tumor that possess the capacity for self-renewal and that can cause the heterogeneous lineages of cancer cells that constitute the tumor." 14 Even though accumulative evidence supports the existence of CSCs that have the capacity to generate tumor, the stem cell hypothesis in carcinogenesis is under debate. A major obstacle for stem cell filed in solid tumor is that there is no specific tumor marker for CSC especially for stomach cancer.
Currently, in vivo lineage tracing revealed that a group of Lgr5-postive cells at the base of the pyloric glands were multipotent stem cells that contributed to daily epithelial renewal.
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LGR5 was proposed as an early diagnostic marker for gastric CSC, since upregulated expression of LGR5 was correlated with the gastric sequential cascades, "Correa pathway". 15 Based on this observations we hypothesized that LGR5 may have an impact on carcinogenesis in the human stomach. However, investigations of LGR5 expression in human tissues have been limited, and an appropriate histological method to identify LGR5-positive cells in human organs has not been established. 16 We tested whether the sequential changes of gastric carcinogenesis, i.e., normal, IM and invasive carcinoma, are associated with an expression of the LGR5＋ cells. Although Simon et al. 17 reported the LGR5 cells had different spatial distribution according to the 'precancerous cascade', we could not discriminate the immunointensity of LGR5 in surface mucosa due to too diffuse and strong periplasmic expression. Therefore, since the usual storage of stem cells of gastric mucosa is crypt base, we measured the LGR5 immunointensity in the base of mucosa. In the present study, non-cancerous tissue of H. pylori-positive control, patients with dysplasia and cancer showed an increasing tendency of LGR5 immunoreativity in crypt base in accordance with CD44 IHC. Although double staining of LGR5 and CD44 was not performed, the location of stained cells at crypt base was similar (Fig. 5 ) in accordance with previous study. 17 This suggests that CD44 and
LGR5-positive cells may be involved in early gastric carcinogenesis. We did not observe any correlation between LGR5 IHC and expression of mRNA in the present study. The transcriptional result may not discriminate the spatial difference and could include all parts of expression. Interestingly, immunoreactivity of LGR5, known for the stem cell marker of antrum, was detected in gastric body with IM. Although we did not demonstrate that IM arises from CSCs, our data can be considered as preliminary evidence that provides further insights into the possibility that the pathogenesis of IM is associated with LGR5 or CSCs. CD44, most studied, is a cell surface transmembrane glycoprotein encoded by the CD44 gene, a 20-exon DNA segment, 18 of which exons 1-5 and 16-20 are spliced together and translated into CD44s, the standard isoform. The variant exons 6-15 can be alternatively spliced and assembled in different combinations from the standard exons to generate other variant protein isoforms (CD44v). Although CD44 has been recognized as a CSC marker in several types of cancer, 19 the ubiquitous expression of CD44 in many cell type, 20 reduce the usefulness of CD44s as a CSC marker. Moreover, the existence of alternatively spliced variants may be the reason for the conflicting result of CD44, which was implicated in both tumor suppression and progression. 21, 22 In a genetic mice model for gastric carcinogenesis, the mouse homolog of human CD44v8-10 is expressed in precancerous regions of the stomach, from which tumor-initiating cells are thought to arise, suggesting that CD44v8-10 may be a marker for gastric tumor-initiating cells in the mouse. 23 We showed a step-wise increase in CD44 immunostaining in the normal, dysplasia, and cancer sequence (P trend ＜ 0.001) indicating H. pylori infection may promote initiation of tumorigenesis via gastric CSCs. However, CD44 mRNA did not show any correlation with IHC analysis of CD44. Although CD44 mRNA expressed strongly in control subjects compared to cancer patients, expression of CD44v8-10 mRNA in cancer patients was higher than control subjects, suggesting that CD44v8-10 was a specific marker for gastric CSCs, but not CD44. 6, 7 In this concept, CD44v8-10 mRNA seems more appropriate for the gastric CSC marker. Nonetheless, since there is still no significant correlation between CD44 IHC and any of CD44 or variant form of CD44 gene expression in the present study, CD44-stained cells in tissue could include normal stem cells. More study still needs to validate the use of CD44v8-10 mRNA in unpurified cells or tissue level. The present work has several limitations. Since we did not perform functional study for confirming stem cell properties by cell culture or animal models, it is not clear whether the elevated number of CD44 or LGR5-positive epithelial cells reflects true gastric CSCs. Although the downregulation of LGR5 and CD44 IHC was observed after H. pylori eradication, the expression of CD44 v8-10mRNA was not. Moreover, since mucosal resection was performed in the dysplasia and cancer groups, the reduction of LGR5 IHC in mucosal base at follow-up cannot be solely attributable to H. pylori eradication.
Nonetheless, this is one of the few studies that evaluated the clinical meaning of LGR5 and CD44 expression in tissue as a potential gastric CSC marker by compare its expression in normal, dysplasia, and cancer groups and before and after H. pylori eradication. Moreover, we measured and compared the expression of mRNA of both CD44v8-10 and CD44, providing result that the possibility of CD44v8-10 as a more useful gastric CSC marker than CD44.
In conclusion, LGR5 and CD44 IHC results could be used as probable gastric CSC markers to evaluate the development of gastric cancer as probable gastric CSCs in tissue. Regarding transcriptional level, CD44v8-10 may be more suitable for CD44 or LGR5 in gastric CSC researches. More studies are needed to identify the association between CD44 IHC and CD44v8-10 mRNA expression.
